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HIGH SPEED METHOD OF ALIGNING 
CUTTING LINES OF A WORKPIECE USING 
PATTERNS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates generally to an alignment 
method and apparatus applied to a worktable of a semicon- 
ductor dicing machine, and more particularly to a wafer 
alignment method and apparatus of a dicing machine, which 
cuts a semiconductor wafer (a workpiece) into squares with 
a pair of cutting blade units. 

2. Description of Related Art 

The processing speed of the dicing machine has become 
higher, whereas the diameter of the semiconductor wafer has 
become larger. To reduce the processing time, a cutting 
speed is raised, a return speed is raised, or an alignment 
speed is raised. Raising the cutting speed, however, may 
deteriorate the cutting performance, and raising the return 
;3 speed excessively increases the vibrations of the dicing 
;3 machine. Thus, raising the cutting speed and the return speed 
^ does not achieve dramatic results, and therefore, the best 
:? : way is raising the alignment speed. 

^ FIG. 7 is a transitional view showing the conventional 
:U alignment method. According to FIG. 7, a camera (an 
>j imaging means) of low magnification searches a pattern at a 
.j position (T) in proximity to the center O of the wafer W in 

FIG. 7(A), and at a position (5) a small distance away from 
_ the position (T), the camera searches the same pattern as the 
■ J pattern at the position (T), and rotates the wafer in a direction 

9 with a rotational driving mechanism to perform the first 
l i rough alignment. Then, the camera searches a pattern at a 
^ position Q) in proximity to the outer circumference of the 
;2 wafer W, and rotates the wafer W with the rotational 
13 direction driving mechanism to complete the rough align- 
fj menL 

Next, the camera is switched to the high magnification. 
The camera searches a pattern at a position (4) in FIG. 7(B) 
and searches a pattern at a position (5). Then, the wafer is 
rotated in the direction 6 to complete the alignment at a 
channel (CH) 1. 

Thereafter, the channel is switched to a channel (CH) 2, 
and the wafer W is rotated by 90°. The camera searches a 
pattern at a position (6) in FIG. 7(C) and searches a pattern 
at a position (7). The rotation of the wafer in a direction 0 
completes the fine alignment at CH2, and the alignment of 
the wafer W is completed. Then, a pair of cutting blade units 
cut the wafer W. 

The conventional wafer alignment method, however, has 
a problem in that the alignment cannot be performed at high 
speed since the patterns at the positions (I), (2) and (5) must 
be imaged at three stages. 

The conventional wafer alignment method has another 
problem in that it takes a long time to align the wafer since 
the camera must be moved in the direction X from the 
position (J) to (5) at CHI and the camera must be moved in 
the direction X from the position (5) to (7) at CH2. 

SUMMARY OF THE INVENTION 

The present invention has been developed in view of the 
above-described circumstances, and has as its object the 
provision of the alignment method and apparatus for per- 
forming the alignment at high speed. 

To achieve the above-mentioned object, the present 
invention is directed to an alignment method of aligning 
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cutting lines of a workpiece, which depend on patterns such 
as ICs, with a pair of cutting blades provided at a pair of 
cutting blade units provided with motors for rotating said 
pair of cutting blades, the alignment being performed when 
5 said pair of cutting blade units cuts said workpiece, said 
alignment method comprising the steps of: previously reg- 
istering reference patterns at least one point of low magni- 
fication and one point of high magnification on said work- 
piece located at a preset position; simultaneously imaging 
patterns at two points in proximity to the center of said 
workpiece with two imaging means provided at said pair of 
cutting blade units, and aligning said workpiece such that the 
imaged current image patterns at said two points can match 
with said reference patterns; and moving either one of said 
two imaging means to a position so as to image a pattern at 

15 one point at the outer circumference of said workpiece and 
aligning said workpiece such that the imaged current image 
pattern at the point can match with said reference patterns. 

Furthermore, to achieve the above-mentioned object, the 
present invention is directed to an alignment apparatus 

20 which aligns cutting lines of a workpiece, which depend on 
patterns such as ICs, with a pair of cutting blades provided 
at a pair of cutting blade units provided with motors for 
rotating said pair of cutting blades, the alignment being 
performed when said pair of cutting blade units cuts said 

25 workpiece, said alignment apparatus comprising: workpiece 
mounting means provided with an X-Y direction driving 
mechanism and a rotational direction driving mechanism; 
two imaging means provided at said pair of cutting blade 
units and imaging patterns on said workpiece mounted on 

30 said workpiece mounting means; storage means in which 
reference patterns at least at one point of low magnification 
and one point of high magnification on said workpiece 
located at a preset position are registered in advance; pattern 
matching means for comparing current image patterns from 

35 -said two imaging means and said reference patterns of the 
low magnification and the high magnification stored in said 
storage means and outputting a pattern matching signal; and 
control means for driving said workpiece mounting means in 
accordance with the output of said pattern matching means 

40 to align said workpiece at a desired position. 

According to the present invention, the reference pattern 
at one point on the workpiece located at a preset position is 
registered in the storage means. Then, the patterns at two 
points in proximity to the center of the workpiece are imaged 

45 at the same time by the two imaging means which are 
provided at the pair of cutting blade units, and the control 
means drives the work mounting means so that the picked- 
up current image patterns at the two points can match with 
the reference pattern, thus aligning the workpiece. Next, 

50 either one of two imaging means is moved to a position to 
image a pattern at one point at the outer circumference of the 
workpiece. The control means drives the work mounting 
means so that the picked-up current image pattern at the 
point can match with the reference pattern, thus aligning the 

55 workpiece, and the alignment of the workpiece is completed. 
According to the present invention, the pair of cutting blade 
units are provided with the imaging means, and the two 
imaging means simultaneously image the patterns at two 
points in proximity to the center of the workpiece so as to 

60 align the workpiece. Compared with the conventional align- 
ment method in which the patterns are imaged on a point- 
by-point basis, the alignment can be performed at higher 
speed in a shorter period of time. 

65 BRIEF DESCRIPTION OF THE DRAWINGS 

The nature of this invention, as well as other objects and 
advantages thereof, will be explained in the following with 
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reference to the accompanying drawings, in which like 
reference characters designate the same or similar parts 
throughout the figures and wherein: 

FIG. 1 is a perspective view illustrating the dicing 
machine according to the present invention; 

FIG. 2 is a plan view of the dicing machine in FIG. 1; 

FIG. 3 is a plan view of a cutting part in the dicing 
machine: 

FIG. 4 is a block diagram illustrating the alignment 
equipment of the dicing machine; 

FIG. 5 is a flow chart showing the wafer alignment 
method; 

FIGS. 6(A), 6{B) and 6(C) are transitional views showing 
a wafer alignment procedure; and 

FIGS. 7(A), 7(B) and 7(C) are transitional views showing 
a conventional wafer alignment procedure. 

detailed description of the 
preferred embodiment 

This invention will be described in further detail by way 
2 of example with reference to the accompanying drawings 
Jl with reference to the accompanying drawings. 
,U FIG. 1 is a perspective view of a dicing machine 1 for a 
J semiconductor wafer according to the present invention, and 
j FIG. 2 is a plan view of the dicing machine 1. As shown in 
FIG. 1, the dicing machine 1 is comprised mainly of a 
cutting part 10. a cleaning part 20, a cassette housing part 30, 
an elevator part 40 and transport equipment 50. 
*3 A description will be given of a cutting process of the 
dicing machine 1. First, a plurality of wafers W, which are 
:fi housed in the cassette housing part 30, are sequentially 
retrieved by the elevator part 40, and the retrieved wafer W 
:U is set at a position P4 in FIG. 2. The wafer W is placed on 
;3 a cutting table (position P2: see FIG. 4) 12 of the cutting part 
5 1 10 via a pre-load stage at a position PI. The wafer W is 
~ vacuumed to the cutting table 12. Imaging equipment 18, 19 
for alignment recognize patterns on the wafer W as images, 
and the wafer W is aligned in accordance with the recog- 
nition. The alignment method and apparatus will be 
described later. 

The movement of the cutting part 10 along the Y-axis 
indicated by an arrow A-B and the movement of the cutting 
table 12 along the X-axis indicated by an arrow C-D cuts the 
aligned wafer W along two streets at the same time. Then, 
the cutting blade units 14, 16 are moved by a pitch of the 
street The cutting table 12 is moved again along the X-axis 
so as to cut the wafer W along the next two streets. The 
cutting is repeated. After the wafer W is cut along all the 
streets in one direction (along the X-axis), the cutting table 
12 is turned 90° to cut the wafer W along streets in the other 
direction (along the Y-axis in FIG. 2) perpendicular to the 
already-cut streets. Consequently, the wafer W is cut into 
squares. 

On completion of the cutting, the cutting table 12 moves 
to return the wafer W to the position P2, and the transport 
equipment 50 transports the wafer W to a spin table of the 
cleaning part 20. The wafer W is cleaned by cleaning water 
and is dried by air. The transport equipment 50 transports the 
dried wafer W to a position P4, and the elevator part 40 
houses the wafer W in the cassette housing part 30. 

A description will now be given of the cutting part 10 of 
the dicing machine 1. FIG. 3 is a plan view of the cutting part 
10. The cutting blade units 14, 16 of the cutting part 10 in 
FIG. 3 are provided with motors 60, 62; spindles 64, 66; and 
blades 68, 70 which are attached to the ends of the spindles 
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64, 66. A spindle movement mechanism moves the cutting 
blade units 14. 16 independently of one another along the 
Y-axis. A linear motor is used for the spindle movement 
mechanism, and the structure of the linear motor is well 
5 known. 

The imaging equipment 18 in FIG. 4 is provided at the 
cutting blade unit 14 in FIG. 3, and the imaging equipment 
19 is provided at the cutting blade unit 16. The imaging 
equipment 18. 19 are capable of moving along the Y-axis 

*o together with the blades 68, 70. 

A description will be given of the structure of the align- 
ment equipment of the wafer W in FIG. 4. 

As shown in FIG. 4, the wafer W is vacuumed to the 
cutting table 12. An X-Y driving mechanism 72 drives the 

15 cutting table 12 in the direction X-Y, and a rotational driving 
mechanism 74 rotates the cutting table 12 at a predetermined 
angle 6°. An air vacuuming mechanism (not illustrated) is 
provided at the top of the cutting table 12, and the air 
vacuuming mechanism vacuums the wafer W on the cutting 
table 12. The blades 68, 70 cut the wafer W along cut lines. 
The imaging equipment 18, 19 are provided above the 
cutting table 12. The imaging equipment 18 consists of a 
microscope 76 and an imaging part 78, and an image signal 

^ from the imaging part 78 is A/D converted, and the image 
signal is transmitted to one of a low magnification frame 
memory 82, a high magnification frame memory 84 and a 
current image frame memory 86 in accordance with the 
switching of a switching device 80. Likewise, the imaging 
equipment 19 consists of a microscope 77 and an imaging 
part 79. An image signal from the imaging part 79 is A/D 
converted, and the image signal is transmitted to one of a 
low magnification frame memory 82, a high magnification 
frame memory 84 and a current image frame memory 86 in 

?5 accordance with the switching of the switching device 80. 
The low magnification frame memory 82 connects to a 
comparator 90 through a switching device 88, and the high 
magnification frame memory 84 connects to the comparator 
90 through the switching device 88. The current image 

^ frame memory 86 directly connects to the comparator 90. 
The comparator 90 performs a pattern matching process, 
and outputs a pattern matching signal to a controller 92. The 
controller 92 is provided with an external input means such 
as a keyboard. The controller 92 switches he magnifications 

i5 of the microscopes 76, 77 in accordance with a designation 
signal which is input from the external input means, and 
controls the X-Y driving mechanism 72 and die rotational 
driving mechanism 74 in accordance with signals from the 
comparator 90. 

50 A description will be given of the procedure for register- 
ing reference patterns prior to the alignment. 

First the data (e.g., the type, the diameter, the thickness, 
and the pitch of the cutting lines) on the wafer W subject to 
processing is input to the controller 92 from the external 

55 input means. Then, a master wafer or the wafer W subject to 
processing is placed on the cutting table 12. Then, the 
spindle moving mechanism moves the microscope 76 (or the 
microscope 77) at low magnification to a pattern position of 
low magnification. The imaging part 78 images the low 

60 magnification pattern, and a reference low magnification 
pattern is stored and registered in the low magnification 
frame memory 82. In this case, the position and shape of the 
pattern are stored in the low magnification frame memory 
82. 

65 Then, the controller 92 transmits a command to instruct 
the microscope 76 to switch to the high magnification, and 
the microscope 76 is moved to a pattern position of high 
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magnification pattern. Then, the changeover switch 80 
switches to the high magnification memory 84. where a 
reference high magnification pattern is stored and registered. 
In this case, the position and shape of the pattern are stored 
in the high magnification frame memory 84. The registration 
of two patterns of low magnification and high magnification 
is completed. 

A description will be given of the method of aligning the 
wafer in accordance with the reference patterns which are 
registered in the above-mentioned manner with reference to 
FIGS. 5 and 6. 

At step S100, the wafer W on the cutting table 12 is 
moved to an alignment position, and the microscopes 76. 77 
are moved to alignment positions in a channel 1. Then, a 
rough-alignment of the wafer is performed in accordance 
with the low magnification pattern in the channel 1 at the 
step S110. Specifically, as shown in FIG. 6(A). the two 
microscopes 76, 77 are moved to the positions (T) and (T) in 
proximity to the center O of the wafer W, and two patterns 
at these positions are imaged at the same time. On the other 
hand, in the alignment equipment, the reference low mag- 
nification pattern is transmitted from the low magnification 
frame memory 82 to the comparator 90, and the current 
image patterns at the positions (T) and (T), which are imaged 
by the microscopes 76, 77, are transmitted from the current 
image frame memory 86 to the comparator 90. The com- 
parator 90 performs a pattern matching process, and the 
results are transmitted to the controller 92. The controller 92 
performs a rough alignment by driving the X-Y drive 
mechanism 72 and the rotational driving mechanism 74 so 
that the current image patterns can match with the reference 
low magnification pattern, and the rough alignment in accor- 
dance with the reference low magnification pattern is com- 
pleted. 

Next, the rough alignment based on the low magnification 
pattern is performed in the channel 1 at step S120. 
Specifically, as shown in FIG. 6(A), the two microscopes 76, 
77 are moved to positions (5) and (T) in proximity to the 
outer circumference of the wafer W, and two patterns at 
these positions are imaged at the same time. On the other 40 
hand, in the alignment equipment, the reference low mag- 
nification pattern is transmitted from the low magnification 
frame memory 82 to the comparator 90, and the current 
image patterns at the positions (2) and (2), which are imaged 
by the microscopes 76, 77, are transmitted from the current 45 
image frame memory 86 to the comparator 90. Then, the 
comparator 90 performs the pattern matching process, and 
the results are transmitted to the controller 92. The controller 
92 performs the rough alignment by driving the X-Y driving 
mechanism 72 and the rotational driving mechanism 74 so 50 
that the current image patterns can match with the reference 
low magnification pattern, and the rough alignment in accor- 
dance with the low magnification pattern is completed. 

Next, a fine alignment is performed in accordance with 
the high magnification pattern in the channel 1 at step 130. 
Specifically, the switching device 88 is switched to the high 
magnification frame memory 84 side, and the two micro- 
scopes 76, 77 in FIG. 6(B) are switched from the low 
magnification to the high magnification in a stationary state 



parator 90 performs the pattern matching process, and the 
results are transmitted to the controller 92. The controller 92 
performs the fine alignment by driving the X-Y driving 
mechanism 72 and the rotational driving mechanism 74 so 
that the reference high magnification pattern can match with 
the current image pattern, and the fine alignment in the 
channel 1 is completed. 

Next, the channel 1 is switched to the channel 2, and the 
cutting table 12 is turned 90° by the rotational driving 
mechanism 74. The fine alignment is performed in accor- 
dance with the high magnification pattern in the channel 2 at 
step S150. Specifically, the cutting table 12 is turned 90° 
with the two microscopes 76, 77 in a stationary state at the 
positions (5) and (3), and two patterns at the positions (J) 
15 and (3) are imaged. In the alignment equipment the refer- 
ence high magnification pattern in the channel 2 is trans- 
mitted from the high magnification frame memory 84 to the 
comparator 90, and the current image patterns at the posi- 
tions (J) and (4), which are imaged by the microscopes 76, 
20 77, are transmitted to the comparator 90. The comparator 90 
performs the pattern matching process, and the results are 
transmitted to the controller 92. The controller 92 performs 
the fine alignment by driving the X-Y driving mechanism 72 
and the rotational driving mechanism 74 so that the refer- 
ence low magnification pattern can match with the current 
image patterns. The alignment equipment of this invention 
finishes aligning the wafer W. 

As stated above, according to the alignment method of 
this embodiment, the imaging equipment 18, 19 are pro- 
vided at a pair of cutting blade units 14. 16, and the two 
imaging equipment 18, 19 image the patterns at two points 
in proximity to the center of the wafer W so as to align the 
wafer W. For this reason, compared with the conventional 
alignment method wherein the patterns are imaged on a 
point-by-point basis, the alignment can be performed at 
higher speed in a shorter period of time. 

In this embodiment, two imaging equipment image the 
patterns at two positions (5) and (5) in the rough alignment. 
The present invention, however, should not be restricted to 
this. One imaging equipment may image only one pattern at 
one point to align the wafer. 

Moreover, in this embodiment, the reference low magni- 
fication pattern and the reference high magnification pattern 
can be imaged without the necessity for moving the imaging 
equipment 18, 19. For this reason, the processing time can 
be reduced dramatically compared with the conventional 
alignment apparatus in which the imaging equipment must 
be moved to each pattern subject to imaging. 

As set forth hereinabove, according to the alignment 
method and apparatus of this invention, the pair of cutting 
blade units are provided with the imaging means, and the 
two imaging means image the patterns at two points in 
proximity to the center of the workpiece at the same time to 
align the wafer. For this reason, compared with the conven- 
tional alignment method wherein the patterns are imaged on 
a point-by-point basis, the alignment can be performed at 
higher speed in a shorter period of time. 

It should be understood, however, that there is no inten- 
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at the positions (2) and (5) (the positions (5) and (5)), and 60 tion to limit the invention to the specific forms disclosed, but 



two patterns at the positions (3) and (5) are imaged. In the 
alignment equipment, the reference high magnification pat- 
tern is transmitted from the high magnification frame 
memory 84 to the comparator 90, and the current image 
patterns at the positions Q) and (3), which are imaged by the 65 
two microscopes 76, 77, are transmitted from the current 
image frame memory 86 to the comparator 90. The com- 



on the contrary, the invention is to cover all modifications, 
alternate constructions and equivalents falling within the 
spirit and scope of the invention as expressed in the 
appended claims. 
What is claimed is: 

1. A method of aligning cutting lines of a workpiece, 
which depend on patterns, with a pair of cutting blades 



